Ninety-four patients with occasionally elevated (borderline) blood pressure, 61 patients with asymptomatic established hypertension, and 63 normal subjects have been studied at rest and during a progressive exercise test on a cycle ergometer. Subjects with borderline blood pressure had increased cardiac output in the resting recumbent position, but this was not maintained in the sitting position or during exercise. In the resting recumbent position there was overlap in the total peripheral resistance of normal subjects and patients with borderline blood pressure, but when analyzed in relation to the cardiac output, the total peripheral resistance of patients with borderline blood pressure was significantly elevated. In the sitting position the peripheral resistance of the patients with borderline blood pressure was elevated and remained elevated during light exercise, but fell into the normal range at higher loads. In this respect patients with borderline blood pressure differed from hypertensive patients who maintain a higher peripheral resistance than the normal subjects do at all levels of exercise. In conclusion, patients with occasional elevation of blood pressure have an abnormal peripheral resistance in relation to cardiac output both at rest and at low levels of exercise. This observation may indicate a prehypertensive state.
AN~INCREASE in cardiac output during rest in persons with labile hypertension, or "borderline blood pressure elevation" as we would prefer to call it, has been shown by several investigators.1-6 However, the magnitude of this elevation and the frequency of its occurrence in patients with borderline blood pressure elevation has been variable from one study to This report, therefore, examines the hemodynamic characteristics at rest and during exercise of a large group of subjects with borderline elevation of pressure. The data will be reported with particular emphasis on the influence of age and will be compared to data on normal subjects of comparable age. The findings on subjects with borderline blood pressure elevation will also be compared to results obtained on Oxygen consumption (ml/min) STPD Figure 1 Effect of exercise on heart rate. In figures 1, 2, 5, and 7 the levels of exercise have been indicated by the oxygen consumption. Mean values (+ SE) obtained in the resting recumbent position (RR) are followed by mean values obtained in the resting sitting position (RS). The curves have been constructed from the data for each subject with increasing oxygen consumption of 200 ml/min. As the exercise test was a progressive one, the number of subjects decreased toward the maximal level. All curves have been drawn to the point at which there were six subjects remaining. In this and the other figures significant differences from the normal are indicated by asterisks: * P < 0.05; ** = P < 0.01; *** = P < 0.001. Oxygen consumption (ml/min) STPD Figure 2 Effect of exercise on mean blood pressure in normal subjects and patients with borderline blood pressure elevation.
35 to 49 years, and group III, 50 to 62 years. Subdivision by sex was not carried out since our data show insignificant differences in this respect, but as there were only male patients with borderline blood pressure in age group I, the controls for that group were also limited. In other groups the ratio of males to females was approximately 2:1.
Results

Findings at Maximally Achieved Levels of Exercise
The maximally achieved oxygen consumption and cardiac output in patients with borderline blood pressure declined with age in a manner similar to that of normal subjects'0 (table 1) . The same applied to heart rate except that at maximal effort in age group I the heart rate was significantly above the normal.
Observations According to Levels of Exercise Heart Rate and Blood Pressure
The heart rate of patients with borderline The relationship of heart rate and cardiac output in the resting recumbent position.
blood pressure in group I was higher at maximal exercise and at rest and at all levels of exercise than that of the normal controls for age group I ( fig. 1 The cardiac index in the resting recumbent position was significantly higher in the patients with borderline pressure elevation than in the normal subjects (P < 0.05), but the Circulation, Volume XXXVIII, August 1968 difference decreased with age and was not significant in the small group of patients over age 50 ( fig. 3) . The subjects having a higher cardiac index also tended to have higher heart rate ( fig. 4) . Upon assuming the sitting position, the cardiac output in subjects with borderline pressure elevation did not differ from that of normal subjects and thereafter remained the same throughout exercise ( fig. 5 ).
Since the relationship of the cardiac output to oxygen consumption in patients with borderline blood pressure appeared normal during exercise, this relationship was also analyzed at rest in the sitting position. The subjects with borderline blood pressure elevation maintained significantly increased oxygen consumption at rest. For the normal controls the mean oxygen consumption (-+ SE) was 166 + 7.4, 153 + 6.7, 147 ± 6.2 ml/ min/M2, and for patients with borderline blood pressure, it was 189 ± 7.3, 184 + 6.6, and 164 + 8.3 for age groups I, II, and III, respectively. When the individual resting data were plotted ( fig. 6 ), persons with a higher oxygen consumption also maintained a higher cardiac output. However, the general relationship of the cardiac output to the metabolic rate in patients with borderline blood pressure is the same as it is in normal persons. One regression line adequately describes both populations. When the regression lines are separately computed for each group, they are not different.
Total Peripheral Resistance
In contrast to the elevated peripheral resistance of hypertensive patients, the total peripheral resistance of subjects with borderline pressure elevation in the resting recumbent position was within the normal range ( fig. 7) . However, at rest in the sitting position and during mild exercise, subjects with borderline pressure elevation had a significant elevation of the total peripheral resistance. On higher exercise levels their peripheral resistance was not different from that of normal subjects. By contrast, the hypertensive subjects maintained an elevated resistance across all the levels of exercise. Al- Oxygen consumption (ml /min) STPD Figure 6 Relationship of the cardiac output and oxygen consumption of normal volunteers and of subjects with borderline blood pressure elevation in the resting sitting position. .>10 Oxygen consumption (ml/min) STPD Figure 7 Effect of exercise on the total peripheral resistance. Data for the age group III are not presented since the number of subjects with borderline pressure elevation is too small for construction of curves.
o Normal 2400 -2200- Relationship of cardiac output and total peripheral resistance in the resting recumbent position. The curve for hypertensives is significantly higher than the curves for normal volunteers (P <0.001) and patients with borderline elevation of pressure (P < 0.01).
The presence of an increased cardiac output in patients with borderline pressure elevation is still somewhat controversial. Al Eich and associates2 regarded the high output state as a benign condition, but later, from followup studies, they were ready to regard it as a stage in the development of hypertension.5 A supposedly normal peripheral resistance among subjects with borderline blood pressure has been found by numerous investigators.1 3 However, when resistance is related to the prevailing cardiac output, our data show that the total peripheral resistance of such patients lies between that of normal and that of hypertensive subjects. Furthermore, in the resting sitting position when cardiac output returns to normal, patients with borderline pressure have elevated total peripheral resistance, and they maintain the increased resistance on mild exercise loads. With higher exercise loads their resistance falls into the normal range. Thus, subjects with borderline pressure elevation apparently have an underlying elevation of peripheral resistance which can be overcome by the stimulus of severe exercise.
In summary, therefore, we found that subjects with borderline blood pressure elevation have increased cardiac output at rest and the peripheral resistance when it is related to the level of cardiac output is abnormal. This observation may well indicate that borderline elevation of blood pressure is a prehypertensive state.
